constrain the direction of evolution (14) . For instance, in Drosophila populations that experience a wide range of population densities through time, neither the r phenotype or the K phenotype described here would be most fit at all times. There are few well-documented examples of such trade-offs during evolution. Rose (15) has shown that natural selection for increased longevity in D. melanogaster has been accompanied by a decline in early fecundity of females. The possibility exists that natural selection may act furher to offset the maladaptive features of trade-offis (16). Our populations of Drosophila represent one of the few instances in which trade-offs have been repeatedly demonstrated to affect the outcome of natural selection. Understanding the genetic and physiological underpinnings of these trade-offs becomes an important goal for future research in evolutionary ecology.
Conversion of Ectoderm to Mesoderm by Cytoplasmic Extrusion in Leech Embryos

BRAD H. NELSON AND DAVID A. WEISBLAT
The role of cytoplasmic domains in the determination of the fates of ectodermal and mesodermal cells has been investigated in leech embryos. When yolk-deficient cytoplasm (teloplasm) was extruded from the animal pole of the zygote, the ectodermal precursor blastomere was converted to a mesodermal fate. This change of fate can be prevented by replacement of the extruded animal teloplasm with teloplasm from the vegetal pole. The fate of the mesodermal precursor blastomere was unaffected by teloplasm extrusion or rearrangement. These results demonstrate that ectodermal and mesodermal determination of fate involves a binary decision dependent on the position of teloplasm along the animal-vegetal axis. occurs with the cleavage of a single cell, when blastomere D' gives rise to cells DNOPQ and DM (5) at the fourth deavage (Fig. IA) . DNOPQ which is situated more toward the animal pole than DM, subsequently produces four bilateral pairs of ectodermal stem cells (the N, O/P, O/P, and Q ectoteloblasts) and 13 micromeres, whereas DM, which is situated more toward the vegetal pole than DNOPQ gives rise to one bilateral pair of mesodermal stem cells (mesoteloblasts) and two micromeres (6) AnX (27) 8 (14) 6-7 (3) *These embryos also had disorganized germinal bands. tFate was one large cell without bandlets. tFate was >20 cells without bandlets. To test this hypothesis directly, we selectively removed newly formed animal or vegetal teloplasm from zygotes of Helobdella robusta (13) approximately 1 hour before first cleavage. This was done by immobilization of zygotes in a suction chamber and piercng of the vitelline and cell membranes over the target teloplasm with a glass micropipette (tip diameter, 10 p,m). Embryos were then inverted so that the opening of the suction chamber covered the wounded end of the cell, and the target teloplasm, along with some yolky cytoplasm, was removed by gentle suction. Embryos with no visible residual teloplasm at the operated pole were either allowed to develop under normal culture conditions (14) or were fixed and sectioned to confirm the success of the removal procedure (15) (Fig. 2) . Approximately 60% of the embryos that were left to develop underwent the first four rounds of deavage on schedule, with normal geometry and with normal segregation of the remaining pool ofteloplasm. After fourth cleavage, experimental embryos resembled control embryos in that they had three macromeres, the normal complement of micromeres at the animal pole, and two cells derived from the obliquely equatorial cleavage of D'. These two cells were analogous by shape and position to DNOPQ and DM but will be referred to as DAn and DVg, respectively, to avoid confusion regarding their fates. Either DAn or DVg was injected with the lineage tracer rhodamine dextran amine (RDA) (16) at this time. Embryos that cleaved abnormally during the first four cleavages were discarded and were not considered further.
RNA (9)
The majority (30/34) of embryos from which vegetal teloplasm was extruded (Vgx embryos) developed normally for at least 60 hours [to early stage 8 (17)], at which time they were processed for epifluorescence microscopy (18) ( Table 1) . At this stage, ectodermal and mesodermal cell lineages can be distiguished by the number and position of their teloblasts and bandlets (2) (Fig. 3) , the tming and (Fig. 4, A  and D) , and the mesodermal contribution of contractile fibers to the embryonic integument (7). Vgx embryos were normal by all these criteria and the RDA labeling patterns confirmed that DAn and DVg had produced the DNOPQ and DM lineages, respectively (Fig.  3) 
. Because Vgx embryos were indistinguishable from control embryos in all aspects examined, we conduded that vegetal teloplasm is not required for normal development up to stage 8 (19).
In marked contrast to the results for Vgx embryos, in embryos from which animal teloplasm was extruded (Anx embryos), ectodermal teloblasts and bandlets were usually lacking after 60 hours of development (Table 1 ). In the majority (27/43) of these embryos, DAn gave rise to one or more mesodermal teloblasts and bandlets, as judged by the following criteria: (i) the first division of the blast cells in each bandlet was transverse rather than longitudinal and occurred at a distance of 10 to 12 blast cells rather than 20 to 30 blast cells from the parent teloblast (4); (ii) the second blast cell divisions were oriented 900 relative to the first and occurred at distances of 16 to 18 blast cells from the parent teloblast; (iii) anterior (older) portions of each bandlet formed hemisomites (20); (iv) scattered cells were typically present outside the bandlets, corresponding to putative contractile fibers of the provisional integument (7); and (v) the bandlets were deep rather than superficial (Fig. 4) .
The number of mesoteloblasts produced by DAn varied from one to six; however, in most cases, two were produced, as in the normal DM lineage. The fate of DVg was not affected by animal teloplasm extrusion. In all but one embryo, DVg generated two mesoteloblasts and bandlets (Fig. 2E) . In general, mesodermal bandlets derived from DAn and DVg were disorganized; however, the anterior portions of bandlets from sibling teloblasts were usually joined as in normal mesoderm (21). In other AnX embryos, DAn either failed to cleave (2/43 embryos) or produced a DNOPQ-like lineage consisting of five to nine ectoteloblasts and bandlets (9/43 embryos) (22). In no case did DAn or DVg generate a mixture of ectodermal and mesodermal teloblasts.
We examined Anx embryos for early differences between the DNOPQ and DM lineages to determine the stage at which DAn began to deviate from the normal DNOPQ fate. During normal development, DNOPQ produces three micromeres at specific locations near the animal pole and then cleaves meridionally, whereas DM produces two micromeres and then cleaves obliquely (Fig. 2D) (6) . In four out of five Anx embryos, DAn generated only two micromeres and then cleaved obliquely, much like a normal cell DM (Fig. 2E) . It therefore appears that DAn adopts a mesodermal identity within one to three cell cydes of its birth. The fact that it does so in the presence of a normal complement of other embryonic cells (specifically , DVg and the A-, B-, and C-derived micromeres and macromeres) makes it unlikely that intercellular signals determine ectodermal fate.
From these experiments, we concluded that removal of the animal teloplasm from zygotes causes DAn, the nominal ectodermal precursor, to adopt a mesodermal fate. nonetheless, well-organized germinal bands formed in about 30% of the cases. Centrifuged control embryos (n = 5) developed normally. Thus, vegetal teloplasm can rescue the ectodermal fate when placed at the animal pole.
From these results, we drew three condusions about the specification of ectoderm and mesoderm in the leech. First, determinants for these fates are not exdusively localized to the animal or vegetal teloplasm, because both ectodermal and mesodermal precursors can arise in embryos having only animal teloplasm (that is, Vgx embryos) or only vegetal teloplasm (that is, centrifuged Anx embryos). Second, DAn is competent to become either an ectodermal or mesodermal precursor, whereas DVg seems competent to produce only mesoderm. Third, DAn makes a binary decision between ectodermal and mesodermal fates on the basis of the position of teloplasm along the animal-vegetal axis.
These condusions are consistent with several models for determination of ectodermal and mesodermal fates. In principle, either the relative or absolute volumes of teloplasm inherited by DNOPQ and DM could specify these fates. However, our measurements of these parameters show only slight -differences between conditions that induce ectoderm and mesoderm and thus limit the robustness of any such mechanism. We propose instead that factors impartng ectodermal competence are localized to the animal cortex of the early embryo and thus are stable to teloplasm extrusion and are inherited by DNOPQ and not DM, at fourth cleavage. We furither propose that the ectodermal fate requires a short-range interaction between these cortical factors and teloplasm sometime after second deavage. In the absence of such an interaction (as in An't embryos), or in the absence of the factors altogether (as in DM), a mesodermal fate is adopted.
